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James D. Smith 



Cross-reference to Related Applications 

[001] This application is related to US application "Homogeneous 

Alumoxane-LCT-Epoxy Polymers and Methods for Making the Same" by 
inventor James D. Smith, filed herewith and incorporated herein by reference. 

Background of the Invention 

[002] With the use of any form of electrical appliance, there is a need 

to electrically Insulate conductors. With the push to continuously reduce in 
size and streamline ail things electrical, there is a corresponding need to find 
better and more condensed insulators. 

[003] Epoxy resins have been used extensively in electrical insulators 

due to their practical benefit of being tough and flexible electrical insulators 
that can be easily adhered to surfaces. Traditional electrical Insulators, such 
as mica or glass fibers, can be surface coated with these epoxy resins, which 
increases the material's strength, chemical resistance and electrically 
insulating properties. 

[004] Good electrical insulators, by their very nature, also tend to be 

good thermal insulators, which is not a desired effect. Thermal Insulation, 

1 



Attorney Docket No. 2003P10020US 

particularly for air-cooled electrical components, reduces the efficiency and 
durability of the components as well as the unit as a whole. It is desirable to 
produce insulators, such as groundwall Insulators, having maximum electrical 
insulation while minimizing thermal insulation. 

[005] Improvements in epoxy resins have recently been made by 

using liquid crystal polymers. By mixing an epoxy resin with a liquid crystal 
polymer, a liquid crystal themnoset (LCT) epoxy resin is produced that 
contains polymers or monomers that have cross-linked properties and have 
significantly improved mechanical properties. See US Patent No. 5,904,984, 
which is incorporated herein by reference. A further benefit of LCTs is that 
they also have improved thermal conductivity over standard epoxy resins. 

[006] What makes LCT epoxy resins even more appealing is that they 

are also better able to conduct heat than a standard epoxy resin. US Patent 
No. 6,261 ,481 , which is incorporated herein by reference, teaches that LCT 
epoxy resins can be produced with a thermal conductivity greater than that of 
conventional epoxy resins. For example, a standard Bisphenol A epoxy is 
shown to have thermal conductivity values of 0.18 to 0.24 watts per meter 
degree Kelvin (W/mK) in both the transverse (plane) and thickness direction. 
By contrast, an LCT epoxy resin is shown to have a thermal conductivity 
value, when used in practical applications, of no more than 0.4 W/mK in the 
transverse direction and no more than 0.9 W/mK in the thickness direction. 
However, the LCT epoxy resin lacks some physical properties, such as 
thermal stability and impregnating qualities. 

[007] Though these efforts benefit the art of electrical insulation, the 

field would benefit from even more from the ability to transfer heat, without 
reducing the desired physical characteristics of the insulators. What is 
needed is an improved LCT-epoxy resin, that has a greater thermal 
conductivity, but that does not compromise on electrical insulation or other 
structural integrities. 
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Summary of th Invention 

[008] The present invention relates to homogenous LCT-epoxy 

polymers with oligomers containing grafted nano-sized HTC-materials (LCT- 
epoxy polymers with HTC-oligomers) and methods for making the same. 

[009] HTC as used herein refers to high themnal conductivity. 

[010] In one aspect the present invention relates to a method of 

making homogenous LCT-epoxy polymers with oligomers containing grafted 
nano-sized HTC-materials (HTC-oligomers) that have a dielectric strength of 
at least 1 .2 kV/mil. The steps of this method include grafting at least one 
functionalized organic group onto a nano-sized HTC-material to produce an 
HTC-oligomer. The HTC-oligomer is then reacted with at least one LCT- 
epoxy resin under sufficient conditions to form a unifomri dispersion and an 
essentially complete co-reactivity of the HTC-oligomer with the at least one 
LCT-epoxy resin and Is then cured to produce the homogenous LCT-epoxy 
polymers with HTC-oligomers. 

[01 1] In this aspect of the invention, the amount of the HTC-oligomer 

to the LCT-epoxy resin comprises a ratio of between 1:4 and 3:1 by weight. 
In a more particular embodiment the HTC-oligomer portions of the 
homogenous LCT-epoxy polymers with HTC-oligomers is 20-50% by weight. 

[012] In one embodiment the nano-sized HTC-material comprises at 

least one of alumina, silica and a metal oxide. In a more particular 
embodiment the metal oxide is magnesium oxide. 

[013] In one embodiment the reacting of the HTC-oligomer with the 

LCT-epoxy further comprises warming until the mixture is clear. 

[014] In another embodiment, the method further comprises mixing at 

least one anhydriding agent with either or both of the LCT-epoxy resin(s) and 
the HTC-oligomers, where the homogenous LCT-epoxy polymers with HTC- 
oligomers are a homogenous LCT-epoxy anhydride polymers with HTC- 
oligomers. 

[015] In another embodiment, the method further comprises mixing at 

least one vinyl agent with either or both of the LCT-epoxy resin(s) and the 
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HTC-oligomers, where the homogenous LCT-epoxy polymers with HTC- 
ollgomers are a homogenous LCT-epoxy vinyl polymers with HTC-oligomers, 

[016] In another embodiment, the mixture is added to an electrical 

insulator as a coating before curing. 

[017] In another aspect the present invention provides homogenous 

LCT-epoxy polymers with HTC-oligomers. This comprises at least one HTC- 
oligomer sub-structure, that contains at least one nano-sized HTC-material 
grafted thereto, and at least one LCT-epoxy sub-structure, where the HTC- 
oligomer sub-structure is organically bonded to the LCT-epoxy substructure. 
The thermal conductivity in the transverse direction is at least 0.50 W/mK and 
in the thickness direction is at least 0.99 W/mK in an environment of 25''C. 
The homogenous LCT-epoxy polymers with HTC-oligomers has a dielectric 
strength of at least 1 .2 kV/mil, and is substantially free of particle wetting and 
micro-void formation. Further, approximately 20-75 % by weight of the 
homogenous LCT-epoxy polymers with HTC-oligomers is the HTC-oligomer 
sub-structure 

[018] In one embodiment, the HTC-material comprises at least one of 

alumina, silica and a metal oxide. 

[019] In another embodiment the homogenous LCT-epoxy polymers 

with HTC-oligomers contain at least one anhydride, and the anhydride portion 
is approximately 20-40 % by weight of the homogenous LCT-epoxy polymers 
with HTC-oligomers. 

[020] In yet another embodiment the homogenous LCT-epoxy 

polymers with HTC-oligomers contain at least one vinyl, and the vinyl portion 
is approximately 4-16% by weight of the homogenous LCT-epoxy polymers 
with HTC-oligomers. 

[021] Either the homogenous LCT-epoxy polymers with HTC- 

oligomers or the homogenous LCT-epoxy anhydride/vinyl polymers with HTC- 
oligomers may be produced as a coating on insulative materials, such as a 
mica/glass insulating tape. 
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Bri f D scription of th Drawings 

[022] FIG. 1 is a flow chart of a process for making LCT-epoxy 

polymers with HTC-oligomers according to an embodiment of the present 
invention. 

[023] FIG. 2 shows an application for the LCT-epoxy polymers with 

HTC-oligomers of the present Invention for use in groundwall insulation. 



Detailed Description of the invention 

[024] The present invention relates to homogeneous LCT-epoxy 

polymers with HTC-oligomers and methods for making the same. 

[025] In one aspect the present Invention relates to a method of 

making homogenous LCT-epoxy polymers with oligomers containing grafted 
nano-sized HTC-materials (HTC-oligomers). The dielectric strength of these 
polymers is at least 1.2 kV/mil. The steps of making these polymers include 
grafting at least one functionalized organic group onto a nano-sized HTC- 
material to produce an HTC-oligomer. The HTC-oligomer is then reacted with 
at least one LCT-epoxy resin under conditions sufFlcient to form a uniform 
dispersion and an essentially complete co-reactivity of the HTC-oligomer with 
the LCT-epoxy resin(s). This reaction forms an intennediate resin-like mixture 
that is then cured to produce the homogenous LCT-epoxy polymers with 
HTC-oligomers. 

[026] In this aspect of the Invention, the amount of the HTC-oligomer 

to the amount LCT-epoxy resin comprises a ratio of between 1:4 and 3:1 by 
weight. In a more particular embodiment the HTC-oligomer portions of the 
homogenous LCT-epoxy polymers with HTC-oligomers is 20-50% by weight. 

[027] Though there are a variety of methods for preparing LCT-epoxy 

resins, a particular method is warming the sample at approximately 60 "C until 
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the LCT-epoxy resin Is clear. Likewise, when mixing the LCT-epoxy resin and 
the HTC-oligomer, one method is to warm to approximately 60 °C until clear. 

[028] In one embodiment the nano-sized HTC-material can be one or 

more of alumina, silica and a metal oxide. In a more particular embodiment 
the metal oxide is magnesium oxide. Other appropriate HTC-materials will be 
apparent to one of ordinary skill in the art. 

[029] In another embodiment, the grafting the functionalized organic 

group(s) onto the nano-sized HTC-material is perfomned by either a silane 
grafting or a free radical grafting. In a more particular embodiment, the silane 
grafting involves reactants chosen from 4-trimethoxysilyl tetra-hydrophthalic 
anhydride (TSPA) and 3-methacryloxpropyl trimethoxy silane (MOTPS). In 
another particular embodiment, the free radical grafting involves the reactant 
eerie ammonium nitrate. 

[030] In another embodiment, the method further comprises mixing at 

least one anhydriding agent with either or both of the LCT-epoxy resin(s) and 
the HTC-oligomers, where the homogenous LCT-epoxy polymers with HTC- 
oligomers are a homogenous LCT-epoxy anhydride polymers with HTC- 
oligomers. 

[031] In a particular embodiment the anhydriding agent is taken from 

the group consisting of 1-methylhexahydrophthalic anhydride and 1- 
methyltetrahydrophthalic anhydride. 

[032] In another particular embodiment the anhydriding agent is 

approximately 20-40% by weight of the homogenous LCT-epoxy anhydride 
polymers with HTC-oligomers. 

[033] In another embodiment, the method further comprises mixing at 

least one vinyl agent with either or both of the LCT-epoxy resin(s) and the 
HTC-oligomers, where the homogenous LCT-epoxy polymers with HTC- 
oligomers are a homogenous LCT-epoxy vinyl polymers with HTC-oligomers. 

[034] In a particular embodiment the vinyl agent is a di-functional 

monomer, p-vinylphenylglycidylether. 
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[035] In another particular embodiment tlie vinyl agent is 

approximately 20-40% by weight of the homogenous LCT-epoxy vinyl 
polymers with HTC-oligomers. 

[036] In another embodiment the curing of the mixture comprises 

adding one or both of zinc naphthenate and chromium acetylacetonate. 

[037] In another embodiment, the mixture is added to an electrical 

insulator as a coating before curing. 

[038] In another aspect, the present invention provides for a method 

of making homogenous LCT-epoxy polymers with HTC-oligomers that have a 
dielectric strength of at least 1.2 kV/mil, which is coated on at least one 
electrical insulator. This method involves the steps of grafting at least one 
functionalized organic group onto a nano-sized HTC-material to produce 
HTC-oligomers. The HTC-oligomers are then reacted with at least one LCT- 
epoxy resin where an intermediate resin-like mixture is formed. This mixture 
is then warmed under sufficient conditions to fonn a uniform dispersion and 
an essentially complete co-reactivity of the HTC-oligomers with the LCT- 
epoxy resin(s). The mixture is then impregnated onto the electrical insulator 
and cured to produce the homogenous LCT-epoxy polymers with HTC- 
oligomers. 

[039] In this aspect the amount of the HTC-ollgomers to the at least 

one LCT-epoxy resin comprises a ratio of between 1 .4 and 3:1 by weight. 

[040] In one embodiment the method further comprises mixing at least 

one anhydriding agent with one or both of the LCT-epoxy resin(s) and the 
HTC-oligomers, where the homogenous LCT-epoxy polymers with HTC- 
oligomers are a homogenous LCT-epoxy anhydride polymers with HTC- 
oligomers. 

[041] In another embodiment the method further comprises mixing at 

least one vinyl agent with one or both of the at least one LCT-epoxy resin(s) 
and the HTC-oligomers, where the homogenous LCT-epoxy polymers with 
HTC-oligomers are a homogenous LCT-epoxy vinyl polymers with HTC- 
oligomers. 
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[042] In a particular embodiment the electrical insulator is a 

mica/glass insulating tape. 

[043] In another aspect the present invention provides homogenous 

LCT-epoxy polymers with HTC-oligomers. This comprises at least one HTC- 
oligomer sub-structure that contains at least one nano-sized HTC-material 
grafted thereto and at least one LCT-epoxy sub-structure, where the HTC- 
oligomer sub-structure Is organically bonded to the LCT-epoxy substructure 
The thermal conductivity in the transverse direction is at least 0.50 W/mK and 
in the thickness direction is at least 0.99 W/mK in an environment of 25°C. 
The homogenous LCT-epoxy polymers with HTC-oligomers has a dielectric 
strength of at least 1 .2 kV/mil, and is substantially free of particle wetting and 
micro-void formation. Further, approximately 20-75 % by weight of the 
homogenous LCT-epoxy polymers with HTC-oligomers is the HTC-oligomer 
sub-structure 

[044] In one embodiment, the HTC-material comprises at least one of 

alumina, silica and a metal oxide. 

[045] In another embodiment the homogenous LCT-epoxy polymers 

with HTC-oligomers contain at least one anhydride, and the anhydride portion 
is approximately 20-40 % by weight of the homogenous LCT-epoxy polymers 
with HTC-oligomers. 

[046] In yet another embodiment the homogenous LCT-epoxy 

polymers with HTC-oligomers contain at least one vinyl, and the vinyl portion 
is approximately 4-1 6% by weight of the homogenous LCT-epoxy polymers 
with HTC-oligomers. 

[047] Either the homogenous LCT-epoxy polymers with HTC- 

oligomers or the homogenous LCT-epoxy anhydride/vinyl polymers with HTC- 
oligomers may be produced as a coating on insulatlve materials, such as a 
mica/glass insulating tape. 
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Synth sis of HTC-Oligomers 

[048] HTC-oligomers as used herein refers to any oligomer with 

grafted nano-sized high thermal conductivity (HTC) material, according to the 
present invention. 

[049] Though there is no intention to be limited to a specific type of 

HTC-oligomer, or a specific method of synthesizing HTC-oligomers for the 
purposes of reacting with LCT-epoxy resins, particular nano-sized HTC- 
materials used may be alumina, silica, and metal oxides, including 
magnesium oxide and zinc oxide. Furthermore, these materials may be 
treated in a variety of different ways to produce even more variation on 
different kinds of HTC-oligomers. Examples of these include metal (or 
alumina or silica) oxide HTC-oligomers with the basic structure of: 



where X represents the HTC-material, and R represents an organic functional 
group. 

[050] As mentioned, the HTC-materials may be chemically grafted 

with a polymer structure by a variety of methods to produce the multitude of 
HTC-oligomers possible. A particular example of this is free radical grafting, 
where a reactant such as eerie ammonium nitrate may be used. Another 
particular examples is silane grafting. In this example reactants used to 
produce functional groups include 4-trimethoxysilyl tetra-hydrophthalic 
anhydride (TSPA) and 3-methacryloxpropyl trimethoxy silane (MOTPS). If 
these reactants are used, an additional silica group, beyond what may be 
represented in the X group, will be present: 
o 

An alumina X group with a TSPA functional group would therefore be: 
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In all cases, the functional group, R, is then used to react with a given 
substance to produce a desired product. 

[051] In one embodiment the functional group reacts with the epoxy 

group of an LCT-epoxy resin to produce an LCT-epoxy with HTC-oligomers. 
However, before, concurrently or even after reacting the functional group with 
the LCT-epoxy group, the functional group may also react with other 
substance to improve the reaction with the LCT-epoxy and/or the final 
polymer structure. For example, an anhydride or a vinyl group or both may be 
added with the LCT-epoxy resin, in the producing of the HTC-oligomers, or 
when reacting the HTC-oligomer with the LCT-epoxy resin. In such a 
reaction, the final product would be an LCT-epoxy anhydride polymer with 
HTC-oligomers or an LCT-epoxy vinyl polymer with HTC-oligomers or even 
an LCT-epoxy anhydride-vinyl polymer with HTC-oligomers. It should be 
noted that though the HTC-oligomer may be formed using an anhydride 
containing reagent, the term anhydride used herein describes resins and 
polymers of the present invention that have had an additional anhydride 
reagent added. 

[052] The following is a particular method of making a suitable HTC- 

oligomer as used in the synthesis of homogenous LCT-epoxy polymers with 
oligomers containing grafted nano-sized HTC-materials ( LCT-epoxy polymers 
with HTC-oligomers): 

Graft polymerization reactions were carried out in a 
round-bottomed, three-neck flask fitted with a stirrer, a gas 
inlet tube and a thermometer. 2.0 g of nano-size 
magnesium oxide was dispersed in 25 ml. of distilled water, 
and the grafting reaction was carried out under nitrogen by 
bubbling the gas through the reaction mixture. The required 
amount of initiator solution was then added (0.55g of eerie 
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ammonium nitrate dissolved in 10ml of IN nitric acid, 
followed by 6.0 ml of methyl methacrylate. The reaction was 
allowed to proceed for 3 hours at 40 "C. The grafted product 
was extracted in a soxhiet extractor to remove the polymer. 

[053] Though the below examples use powdered HTC-oligomers, it 

will be apparent to one of ordinary skill in the art that the HTC-materials may 
be delivered to the reaction in other fonns, such as in solution. 

Synthesis of LCT-Epoxy Polymers with HTC-Oligomers 

[054] The synthesis of LCT-epoxy polymers with HTC-oligomers 

according to the present invention may similarly be done by a variety of 
methods that will be apparent to one of ordinary skill in the art after review of 
the procedures contained herein. A particular method, however, comprises: 

Alumina-grafled-TSPA-oligomer (HTC-oligomer) 
(2.5 g) was ground to a fine powder in a porcelain mortar. 
LCT-epoxy resin RSS-1407 (4.0 g) was warmed to 60 °C 
in a small glass jar. The HTC-oligomer powder was 
added to the resin and the mixture stirred for 
approximately 30 min. until the solution was clear. 0.1 g 
of zinc naphthenate was added as a cure catalyst and 
mixed over an additional 5 min.. The liquid was then 
poured into a small aluminum dish and placed in an oven 
at 1 50 °C for four hours to cure. 

[055] This reaction may be summarized as follows: 
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[056] The two HTC-oligomers with an R functional group are reacted 

with a biphenol LCT-epoxy chain that contains n repeating biphenol units. 
The result is an LCT-epoxy polymer with cross-linked HTC-oligomers. The 
HTC-oligomers particles become organically bonded to the LCT-epoxy chain. 
Though this example uses biphenol LCT-epoxy, this reaction could be 
performed with any variety of LCT, alone or in combination. Examples of 
other LCTs can be found In US Patent No. 5,904,984, which is incorporated 
herein by reference. 

[057] The synthesis of the LCT-epoxy anhydride polymers with HTC- 

oligomers by this example produces polymers with approximately 38% by 
weight HTC-oligomer. The remaining percentage is primarily the LCT-epoxies 
with a small amount of accelerants and other materials. Though this Is one 
embodiment of the present invention, the HTC-oligomer content may be 
anywhere from approximately 20-75% by weight. With a particular 
embodiment being from 30-55% by weight and an even more specific 
embodiment of 35-50% by weight. 



Synthesis of LCT-Epoxy Anhydride Polymers with HTC-Oligomers 
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[058] Similar to the synthesis of the LCT-epoxy polymers with HTC- 

ollgomers. an example of the synthesis of an LCT-epoxy-anhydride polymers 
with HTC-oligomers comprises: 

Biphenol LCT-epoxy resin RSS-1407 (4.0g) was added 
to 1-methyiHexahydrophthalic anhydride (4.0g) stining in a 
small glass jar warmed to 60 "C on a hot plate. After the 
solution was clear, an alumina-grafted-TSPA-oligomer (HTC- 
oligomer) (3.0g) was added and the solution stirred further at 60 
°C until the solution was again clear. 0.1 g of zinc naphthenate 
was added as a cure accelerator and mixed over an additional 5 
min. The liquid was then poured into a small aluminum dish and 
placed in an oven at 1 50 °C for four hours to cure. 



[059] The use of the anhydride components adds additional reactivity 

to this reaction, aiding the HTC-oligomer's co-reactivity with the LCT-epoxies. 
Further, the resulting polymers are more fluid, with improved Insulatlve 
properties. In this example the anhydrides make up approximately 36% by 
weight of the final LCT-epoxy-anhydride polymers. Though this is one 
embodiment of the present invention, the anhydride content may be anywhere 
from approximately 20-40% by weight. In this example, the overall 
percentage of HTC-oligomers is lower than that of the above example. This 
might not always be the case, and the addition of anhydride might not reduce 
the overall percentage of HTC-materials in the resulting polymers. 



Synthesis of LCT-Epoxy Anhydride Polymers with HTC-Ollgomers 

[060] In both of the above examples, an LCT-epoxy polymer with 

HTC-oligomers may also contain a vinyl group. A variety of methods for 
including a vinyl group would be apparent to one of ordinary skill the art. 
However, a particular method of making an LCT-epoxy vinyl polymer with 
HTC-oligomers, or an LCT-epoxy anhydride-vinyl polymer with HTC- 
oligomers, would be to follow the above examples, but begin with a MOTPS- 
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oligomer instead of a TSPA-oligomer. In following with the above examples, 
when the cure accelerator is added, add a vinyl containing reactant, such as 
the di-functional monomer, p-vinylphenylglycidylether (which, in keeping with 
the above sample sized, would be approximately 1 .Og). 

[061] The addition of a vinyl group to the reaction is dependent upon 

what types of reagents are being used and under what conditions. For 
example, some LCT-epoxy resins contain styrene. Therefore the vinyl group 
would allow for a more complete reaction of the LCT-epoxy resin and the 
HTC-oligomers, therefore producing a better and more homogeneous 
polymer. If a vinyl group is added, its approximate percentage in the final 
polymer will 4-16% by weight. 

[062] One of the key features of forming LCT-epoxy polymers with 

HTC-oligomers or LCT-epoxy anhydride/vinyl polymers with HTC-oligomers 
by the methods of the present invention, is that the resulting polymers have 
an increased thermal conductivity, while retaining that which makes them 
valuable In the coating of electrical insulators. Therefore, the polymers of the 
present invention have a thermal conductivity value of at least 0.50-0.55 
W/mK in the transverse direction. The dispersion of HTC-materials in the 
LCT-epoxy resin is uniform and its co-reactivity therewith is complete. The 
polymers are not subject to particle wetting or micro-void formation, and the 
resin retains its adhesive properties, particularly for the coating of electrical 
insulators. 

[063] As stated, one of the primary uses for homogeneous LCT-epoxy 

polymers with HTC-oligomers is to coat electrical insulators. Materials such 
as mica and glass fibers make good electrical insulators, but by themselves 
lack toughness, resiliency and thermal conductivity. Though, as mentioned 
eariier, it has been known to coat these insulators in an epoxy resin to 
improve on their properties, increasing themia! conductivity while maintaining 
electrical Insulation is problematic. The present Invention, when used to coat 
these insulators, improves their themial conductivity without appreciably 
reducing the electrical insulation. 
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[064] For example, a bisphenol A-diglycidyl ether, which Is a standaixJ 

epoxy In the art, has a thermal conductivity value of 0.19 W/mK In the 
transverse direction and 0.19 W/mK in the thickness direction as well, when 
operating in an environment of approximately 25 °C. Under similar conditions, 
an LCT-epoxy-anhydride polymer with HTC-oligomers has a transverse 
thermal conductive value of at least 0.50 W/mK and a thickness value of at 
least 0.99 W/mK. The transverse verses thickness directions are determined 
by the epoxy structure. Epoxles such as LCT-epoxy anhydride with HTC- 
oligomers form crystalline microstructures that have a layered nature. 
Transverse refers to following the plane of the layer, while thickness is 
perpendicular to It. By transferring heat quicker, a power generator can 
produce more power and run more efficiently. New electrical appliances may 
be made with improved insulators according to the present Invention, or old 
ones may be easily retrofitted, thereby increasing the efficiency of these 
devices as well as similar products. 

[065] This enhanced thermal conductivity is achieved without 

compromising on electrical insulation or other structural Integrities. The 
dielectric strength of the LCT-epoxy polymers with HTC-oligomers is 1.2 
kilovolts per millimeter (kV/mil) or greater. 

[066] As will be apparent to one of ordinary skill in the art, the LCT- 

epoxy polymers with HTC-oligomers can be applied to materials, whether an 
electrical insulator or otherwise, prior to being cured. There are many 
methods of coating materials with epoxy resins and then curing the product. 
One such method is vacuum pressure impregnation (VPI). This method is 
used on devices such as stator conductor coils. A mica/glass insulating tape 
is applied to the coils, then the coils are placed in a vacuum vessel and a 
vacuum is applied. After a period of time, resin Is admitted to the coils to 
Impregnate them. Pressure is applied to force the resin in and minimize 
voids, which will affect conductivity. After this Is completed, the coils are 
heated to cure the resin. The resin may contain an accelerator or the tape 
may have one in it. A variation of this, global VPI involves the process where 
dry insulated coils are wound, and the then whole stator is vacuum pressure 
impregnated rather than the individual coils. 
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[067] Fig. 1 is a flow-cliart summarizing aspects and particular 

embodiments of the present invention. The making of homogenous LCT- 
epoxy polymers with oligomers containing grafted nano-slzed HTC-materials 
begins mixing of at least one LCT-epoxy and at least one HTC-oligomer. A 
particular embodiment shown here, however, begins with adding of suitable 
HTC-oligomer sample 2 to an LCT-epoxy 4. As discussed earlier, HTC- 
oligomer refers to an oligomer with grafted nano-sized HTC materials that is 
capable of being reacted with the LCT-epoxy resins. Particular types of HTC- 
material include nano-sized alumina, silica and metal oxides, including 
magnesium and zinc oxide. The LCT-epoxy 4 is prepared for mixing with the 
HTC-oligomer sample, which typically involves heating. If it is desired to 
produce an LCT-epoxy anhydride resin with HTC-oligomers, then at least one 
anhydride reagent 6 is added to the LCT-epoxy. In the examples given 
above, the adding of the anhydride reagent to the LCT-epoxy occurs before 
the addition of the HTC-oligomer sample, but this need not necessarily be the 
case. Similariy, a vinyl group may be added, which usually depends on what 
type of LCT-epoxy resins and what type of HTC-oligomers are being used and 
under what conditions. The results are, depending on whether or not the 
anhydride reagent and/or the vinyl reagent is added, non-cured LCT-epoxy 
resins with HTC-oligomers or a non-cured LCT-epoxy-anhydride/vinyl resins 
with HTC-oligomers 8. At this point the resin may be cured 12 by a variety of 
methods known in the art. However, a common application of the present 
invention is expected to be the coating of electrical insulation materials, in 
which case the resin is coated on these materials prior to being cured 10. 

[068] A non-limiting example of an electrical insulation material used 

with the present invention is shown in Fig. 2. Illustrated here is a coil 13, 
comprising a plurality of turns of conductors 14. Each turn of the conductor 
14 consists essentially of a copper bar or wire wrapped with a turn insulation 
15. The turn insulation 15 is prepared preferably from a fibrous sheet or strip 
which may impregnated with the LCT-epoxy resin with HTC-oligomers of the 
present invention, or altematively another type of resin known in the prior art. 
The tum insulation 15 may be not adequate alone to withstand the severe 
voltage gradients that will be present between the conductor and ground 
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when the coil is installed In a high-voltage generator. Therefore, ground 
insulation for the coll is provided by wrapping one or more layers of composite 
mica tape 16 about the tum 14. 

[069] Such a mica-tape 16 comprises a pliable backing sheet 18 of, 

for example, poly-ethylene glycol terephthalate or glass fabric mat, having a 
layer of mica flakes 20 bonded to the LCT-epoxy resin with HTC-oligomers of 
the present invention. The tape 16 may be applied half lapped, abutted or in 
any other suitable manner. Generally, multiple layers of the mica tape 16 are 
wrapped about the coil with sixteen or more layers generally being used for 
high voltage coils. The number of layers may be decreased depending on the 
power of the generator and the effectiveness of the insulator as both in both 
its abilities to insulate electrically and conduct heat. To impart better abrasion 
resistance and to secure a tighter insulation, a wrapping of an outer tape 21 of 
a tough fibrous material, for example, glass fiber, asbestos or the like may be 
applied to the coil. 

[070] While specific embodiments of the invention have been 

described in detail, it will be appreciated by those skilled in the art that various 
modifications and alternatives to those details could be developed in light of 
the overall teachings of the disclosure. Accordingly, the particular 
arrangements disclosed are meant to be illustrative only and not limiting as to 
the scope of the inventions which, is to be given the full breadth of the claims 
appended and any and all equivalents thereof. 
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